The paper presents results of the deposition tests on the steel plates made of X10CrMoNb9-1. The steel sheet has been TIGdeposited using two different materials. Welding process has been performed applying Electric Invertec V270-T pulse device. The materials used for the deposition were W CrMo2Si and W CrMo91. After the process, samples have been cut from the deposited plates, from which the metallographic welds have been made. The paper presents photographs of microstructures recorded during observation of welds under Nikon Eclipse MA 200 inverted microscope.
One of the directions of technological progress and development of material engineering is the search for alloys with high hardness and resistance to corrosion and abrasion. These searches are also determined by the economic factor.
There are many methods to improve the surface quality of a structural material (e.g. its roughness [1, 2] , tribological properties, surface properties [3, 4] ). They are applied on layers by electric discharge [5] , as well as the use of: welding processes [6] (including hybrid welding or micro-welding [9] [10] [11] [12] ), laser technology [7, 8] , thermal spraying [12] . An important element of the technological process is also the shaping and finishing process, since modern materials are difficult to process in general technologies. In this case, it is advisable to use unconventional technologies in shaping [13] [14] [15] or finishing [16] .
Despite the development of construction materials, the hardfacing process is still an inherent part of many manufacturing processes. Wear of parts of machines, which results in deterioration of the useful properties of the work surfaces of these components, necessitates their replacement. This wear is due to the gradual loss of material from the surface of the element resulting from its movement relative to the associated substance or other element, as well as to many physical and chemical processes occurring during operation. This issue is very complex. Replacing a used item usually involves high replacement costs. One of the ways to regenerate parts of machines that have been partially consumed is the hardfacing [17, 19] .
Frequency of components replacement can be reduced by the use of materials with greater wear resistance. This feature can be achieved by applying to the material -e.g. by TIG hardfacing -a coating that improves its properties. The hardfacing process allows the components to be repaired or their wear resistance improved (e.g. excavator teeth, mining drills, cast iron pistons or lead-coated tanks used in the chemical industry). This reduces the cost of production and operation of machines and equipment.
Hardfacing
Hardfacing is a welding process aimed at metallurgical melting of a hardfaced surface and placing it on a molten substrate of a workpiece. This is important in view of achieving a suitable penetration depth, which determines the adhesion of the layer to the substrate material. The hardfacing process is designed to give the object proper properties such as wear resistance (especially abrasive) or corrosion. It can be used to regenerate partsimprove its geometry and replenish losses caused by over-exploitation [17, 18] .
An important parameter of the finished product is the contribution of the substrate in the hardfaced layer. This parameter depends on many factors, including the method of hardfacing and process parameters [17, 18] .
Depending on the physics of the process, its implementation, and factors used for melting, many methods of hardfacing are distinguished. The TIG (tungsten inert gas) method is based on the arc hardfacing using a non-melting electrode within the gas shield. The additional hardfaced material is introduced into the arc area glowing between the non-melting tungsten electrode and the hardfaced substrate [17, 18] Purpose and course of research The aim of the study was to investigate the hardfacing of X10CrMoNb9-1 steel by TIG method using highchromium electrodes. The chemical composition of steel is shown in table I.
For the manufacture of hardfaced layers, the following manufacturer's bars were used: W CrMo2Si and W CrMo91. Chemical composition of these materials is given in table II and table III. TIG hardfacing was performed using the Electric Invertec V270-T pulse shown in fig. 1 . The hardfacing process was carried out in a protective gas shield -argon. Its flow rate was about 10 dm 3 /min, and the current was about 180 A. After hardfacing, the metallographic observations and micro-hardness measurements were performed. The Nikon Eclipse MA 200 inverted metallographic microscope was used for observations, and NEXUS 4303 for micro-hardness measurement.
Test results
Analysis of observed and recorded microstructures of connections: hardfaced layer -native material, indicates that the material is very well combined with the substrate. The transition layer is characteristic for the hardfacing process and hardfaced coatings. Fig. 2 shows the microstructure of the connection of the hardfaced object in a variant, in which the hardfaced material was W CrMo2Si. The top layer of the substrate is one layer, while the other layer is composed of the hardfaced coating. Between them, there is also a layer with intermediate properties (degree of mixing of the substrate with the hardfaced material depends, among others, on the chemical composition of applied materials and the hardfacing parameters) and the heat transfer zone. Fig. 3 illustrates the microstructure of the connection of the hardfaced object in a variant, in which the W CrMo91 rod was hardfaced material.
The NEXUS 4303 was used for the measurement of micro-hardness.
The average result of this measurement, made using the Vickers method, is presented in table IV (for variant with rod made of W CrMo2Si) and in table V (for variant with rod made of W CrMo91). 
Conclusions
Hardfacing allows for increased wear resistance of the machine components and the regeneration of worn parts, thus significantly reducing production costs. This makes hardfacing an increasingly popular method in manufacturing processes. The technology is characterized by the precise metallurgical melting of the hardfaced coating with the molten substrate material.
Due to the TIG method, the hardfaced layer is characterized by a very good connection with the metal substrate, which results directly from the melting of the hardfaced with native material. In the microstructure of the TIG layer, there are four layers: hardfaced layer, transition layer, heat transfer zone and native material. The coating obtained does not contain pores or other defects if the hardfacing process has been carried out correctly. The proportion of the substrate in the hardfaced coating depends on many factors, among others, from the method of hardfacing applied by the operator and the chosen parameters and conditions of hardfacing. Composition and properties of the hardfaced layer and the native material -due to its meltingchange in a direction from the outer layer of the hardfaced layer to the native material.
